Male pronuclear (MPN) 
Introduction
In u/fro-matured (IVM) mammalian oocytes often have deficiencies in their cytoplasm, as indicated by their low frequency of male pronuclear (MPN) formation, low incidence of the first cleavage division after fertilization, and low developmental competence to blastocysts, compared with oocytes matured in vivo (Thibault, 1972; Thibault and Gerard, 1973;  Motlik and Fulka, 1974, 1981; Rose and Bavister, 1992;  Funahashi et al, 1994b; Schramm and Bavister, 1994) . Although IVM oocytes in numerous species will develop to offspring after transfer of eggs into foster mothers (Fleming et al, 1985;  Hanada et al, 1986; Lu et al, 1989; Yoshida et al, 1993b) , the mouse is the only species in which viability similar to that of oocytes matured in vivo has been achieved in IVM oocytes (Schroeder and Eppig, 1984) . In addition, the zonae pellucidae showed that adding L-cysteine to simple maturation medium (Tyrode's solution) containing porcine follicular fluid enhances MPN formation by increasing the concentration of glutathione in pig oocytes. Glutathione is one of the important factors for decondensing spermatozoan nuclei after fusion of the sperma¬ tozoa with the egg (Perreault et al, 1988; Perreault, 1990) . In addition, agents that facilitate the transport of thiol groups into cytoplasm, such as mercaptoethanol or cysteamine (Issel et al, 1988; Meister, 1991) , enhance the fertilization and develop¬ mental competence of cow and porcine IVM oocytes (De Matos et al, 1995; Grupen et al, 1995) .
In many studies, the contributions to maturation of various components of the complex tissue culture media used for IVM, including biological fluids such as serum or follicular fluid, have not been rigorously examined. Simple defined conditions are more useful for the systematic dissection of components specifically required for IVM (Bavister, 1995) ; these have been analysed only in mice, which have different requirements for oocyte maturation in vitro from other species (Biggers et al, 1967; Bae and Foote, 1975; Kito and Bavister, 1997 MO) , unless otherwise stated. All media were stored at 4°C without pyruvate, BSA, serum, cysteamine or amino acids for no more than one week. When necessary, glutamine, 11 amino acids, BSA or serum were added before equilibration of the media (see Table 1 for the 11 amino acids derived from hamster embryo culture medium 6 (HECM-6); McKiernan et al, 1995) . Pyruvate was added 1 h prior to experiments. Cysteine or cysteamine (2-mercaptoethylamine hydrochloride; Sigma Chemical Co.) was added at the beginning of oocyte maturation. The basic medium used for maturation (maturation medium) was Tyrode's solution containing 10.0 mmol lactate 1~, 0.25 mmol pyruvate I-1 and 0.1 mg polyvinylalcohol ml-1 (TLP-PVA), as described by Bavister (1989) (Barnett and Bavister, 1992 
Preparation of spermatozoa
Collection and preincubation of epididymal spermatozoa were performed as described by Bavister (1989) and Kito and Bavister (1996b (Kito and Bavister, 1996a aAll treatments (maturation conditions) were performed in TLP-PVA (Bavister, 1989) (HECM-6; McKiernan et al, 1995) , while removing attached but non-penetrated spermatozoa by vigorous pipetting (Barnett and Bavister, 1992 (Fig. 2a) . In some cases, 12 h after insemination, a pronucleus-like structure with nucleoli was observed around the decondensed mid-region of the sperm head without decondensation of the anterior and posterior sperm head regions (Fig. 2b) . Arithmetic means are shown but arcsine-transformed data were used for ANOVA.
MPN and FPN, male and female pronuclei, respectively; PBII, the second polar body. MPN and FPN, male and female pronuclei, respectively; PBII, the second polar body. (Thibault, 1972; Motlik and Fulka, 1974, 1981; Leibfried and Bavister, 1983 ; Laurincik et al, structure formed without full decondensation (Fig. 2b) (Perreault et al, 1987; Zirkin et al, 1989; Perreault, 1990) . Glutathione is believed to play an important role in reducing the disulfide groups of protamines in spermatozoa (Perreault et al, 1987 (Perreault et al, , 1988 Yoshida, 1993; Yoshida et al, 1993a; Funahashi et al, 1994a) . In hamster and pig oocytes, glutathione concentration is highly related to the ability of the egg to decondense sperm nuclei and to form MPN (Calvin et al, 1986; Perreault et al, 1987 Perreault et al, , 1988 Yoshida, 1993; Yoshida et al, 1993a (Yoshida et al, 1992) . Another possibility is that cysteine may have been oxidized to cystine, which is not efficiently transported into the cytoplasm (Bannai, 1984; Issel et al, 1988) .
The effects of gonadotrophins, amino acids or BCS during IVM on MPN formation were examined. In a previous study (Kito and Bavister, 1997) Bavister, 1997) . In our system, gonado¬ trophins may also have enhanced amino acid transport or changed the metabolic activity for the production of factors needed for sperm nuclear decondensation. The 11 amino acids included precursor amino acids (glycine, cysteine and glutamine) for glutathione synthesis (Meister, 1991 (Barnett and Bavister, 1992) 
